UNIVERSITY OF NEW ENGLAND 


University of : 
New England ee 


STUDENT NUMBER: 
UNIT CODE: BCHMS530 
PAPER TITLE: Molecular Biology and Functional Genomics 
PAPER NUMBER: _ First and Only 
DATE: Tuesday 10 June 2014 TIME: 1:45 PM TO 4:00 PM 


TIME ALLOWED: — Two (2) hours and fifteen minutes 


NUMBER OF PAGES IN PAPER: SIX (6) 
NUMBER OF QUESTIONS ON PAPER: SEVEN (7) 
NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY 6 PAGE ANSWER BOOKS 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: Loe GRAPH PAPER SHEETS 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NIL 
POCKET CALCULATORS PERMITTED: YES (APPROVED MODELS ONLY) 


TEXTBOOKS OR NOTES PERMITTED: NIL 


INSTRUCTIONS FOR CANDIDATES: 
e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 
e Section A: Question | must be answered 

e Section B: Answer TWO (2) of the THREE (3) questions 

e Section C: Answer TWO (2) of the THREE (3) questions 

e Each section is worth 40 marks 


e This examination question paper MUST BE HANDED IN with worked scripts. Failure to do 
so may result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


BCHMS530 Trimester 1, 2014 


SECTION A (40 minutes) 


ALL Students must complete this section. 


Question 1 (40 minutes, 40 marks) 


Answer ALL parts of this question 


The following diagram shows the structure of a gene, the sites at which the restriction enzymes BamHI 
(B) and EcoRI (E) cut and primers P1- P5 that can be used in PCR/RT-PCR experiments. The head of 


each arrow indicates the 3’ end of the primer. Note that the gene possesses one intron. 


INSERTION 


transcription stop 


. start ‘ 
start point codon codon terminator 


ee oe 


LEY A 
PROBE 1 PROBE 2 
= ==> = => = = 
P1 P2 P3 P4 PS P6 
0 0.25 kb 0.5 kb 0.75 kb 1 kb 1.25 kb 1.5 kb 1.75 kb 


For each of the following restriction enzyme digests, predict the size of DNA fragments that 
would be detected in a Southern blot of genomic DNA hybridised with PROBE 1. 


1. EcoRI 
il. BamHI 
lil. EcoRI + BamHI 


. For each of the following restriction enzyme digests, predict the size of DNA fragments that 
would be detected in a Southern blot of genomic DNA hybridised with PROBE 2. 


1. EcoRI 
il. BamHI 
lil. EcoRI + BamHI 


What size mRNA would be detected on northern blots hybridised with PROBE 1? 


. What size mRNA would be detected on northern blots hybridised with PROBE 2? 
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What size PCR product would be amplified from genomic DNA using the following primers? 


i. Pl +P2 
ii. Pl + P3 
lil. Pl +P4 
iv. P1+P5 
V. P2 + P3 
Vi. P2 + P4 
vii. P2+P5 
vill. P4+P5 
Ix. P4 + P6 


What size RT-PCR product would be amplified from mRNA using the following primers? 


i. Pl +P2 
ii. Pl + P3 
lil. P1+P4 
iv. P1+P5 
Vv. P2 + P3 
Vi. P2 + P4 
vii. P2+P5 
vill. P4+P5 
ix. P4 + P6 


A 200 bp insertion in exon 2 is associated with an increased risk of diabetes. The insertion site 
is marked with an arrow. You have been assigned the task of developing a test for this 
mutation. Describe one method that could be used to detect the mutation. 
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SECTION B (40 MINUTES) 


ANSWER TWO OUT OF THE FOLLOWING THREE QUESTIONS 


Question 2 (20 minutes, 20 marks) 


You are investigating four different Aspergillus mutants that are unable to synthesise the vitamin 
riboflavin because of a mutation in the riboB gene. The four mutants have been analysed using 
Southern, northern and western blots. On each blot a wild type (WT) strain has been included for 
comparison. Note that Aspergillus is a haploid fungus and has only one copy of each gene. For each 
mutant, describe the type of mutation that might have occurred. Give reasons for your answer. 


WT 1 #2 3 4 WT 1 = 2 3. 4 WT 1 2 3 4 


SOUTHERN NORTHERN WESTERN 


Question 3 (20 minutes, 20 marks) 
Answer ALL parts of this question 


You have attempted to clone a gene using the pUC18 plasmid cloning vector. For your cloning 
experiment, you digested pUC18 with BamHI. The DNA containing the gene was also digested with 
BamH1 and the fragment containing the gene was purified. Two ligations were set up: one containing 
only the digested pUC18 and one containing the digested pUC18 and the purified fragment. A sample 
of each ligation was used to transform E. coli cells and the bacteria were plated on medium containing 
ampicillin and X-gal. The results of the transformations are shown in the table below. 


Treatment DNA used in the transformation No. of white colonies | No of blue colonies 
1 None 0 0 
2 Ligation containing only pUC18 1 150 
3 Ligation containing pUC18 and the 50 125 
fragment containing the gene. 


a. Explain the results for each transformation treatment. Discuss whether the results are as you 
would have expected. 


b. Describe the steps you would use to confirm that you had succeeded in inserting the gene into 
the pUC18 cloning vector? 


Section B continues on page 5 
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Question 4 (20 minutes, 20 marks) 


Answer ALL parts of this question 


a. You have been assigned the task of cloning a gene by inserting it into the pUC18 cloning vector. 
A restriction map of the gene and the multiple cloning site of pUC18 are shown below. Note 
that the restriction enzymes BamHI, PstI and HindIll leave sticky ends and Smal leaves blunt 
ends. Explain the strategy you would use to clone this gene and why you have chosen this 
particular strategy. 


P HS p SB P 


Restriction Map of the Gene: GENE 


Key: B=BamHI, P = Pstl, H = Hindlll, S = Smal 


Multiple Cloning site of pUC18 


Nucleotides: 401 461 
HindIII SphI PstI SalI xXbal BamHI SmaI KpnI SacI EcoRI 


atgaccagattacgcccAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCtac 


b. You wish to set up a ligation between a plasmid that is 3 kb in size and a fragment of DNA that 
is 1.5 kb in size. The plasmid has been cut in one position by the restriction enzyme Xbal and 
the fragment has Xba I ends. The concentration of the digested plasmid is 5 ng/L and the 
concentration of the fragment is also 5 ng/uL. What volume of plasmid and what volume of 
fragment would you used to set up a ligation containing 10 ng of the plasmid vector. 


Section C is on page 6 
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SECTION C (40 MINUTES) 


ANSWER TWO OUT OF THE FOLLOWING THREE QUESTIONS 
Question 5 (20 minutes, 20 marks) 
Briefly explain ALL of the following terms: 


telomerase 
retrotransposon 


gene family 


ao FS 


epitope tag 


Question 6 (20 minutes, 20 marks) 
Answer ALL parts of this question 


a. Describe the Sanger dideoxy method of DNA sequencing. 


b. The following is part of the sequence of a DNA template that has been used in an automated 
DNA sequencing reaction. An 20 nucleotide primer that ends in the sequence ..GTAAA3’ OH 
is added to the reaction along with dideoxynucleotides labelled with fluorescent dyes (green on 
ddATP, blue on ddCTP, yellow on ddGTP and red on ddTTP). List the size and colour of the 


first ten reaction products. (Note: the spaces are to help you count. They do not really exist.) 


3’...CATTTGCGGG GTAAATTAAT ACGCGTATCC...5’ 


Question 7 (20 minutes, 20 marks) 


Answer ALL parts of this question 

Answer the following questions about RNA interference (RNAi). 
a. What is the mechanism of RNAi? 
b. How can RNAi be used to block expression of a gene? 


c. Are there any advantages to using RNAi instead of gene inactivation? 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


